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INTRODUCTION
DNA topoisomerase II is essential for cell division and proliferation, since it is required for the completion of mitosis by regulating DNA topology. Highly proliferating tumor cells were reported to express the enzyme at 25-300 times higher levels as compared to quiescent cells, suggesting topoisomerase II as a good target enzyme for novel anticancer drug discovery. 1 Drug-induced topoisomerase II-mediated double-strand breaks cause chromosome rearrangements and likely account for therapy-related cancers. 2 The physiological and pharmacological relevance of prokaryotic and eukaryotic DNA topoisomerases is illustrated by the identification of a large number of natural toxins and antibacterial and antitumor agents that target these enzymes. 3 For instance, human topoisomerase II is the target of several anticancer drugs, including etoposide, amsacrine, and doxorubicin. 4 One of the major challenges for successful chemotherapy in cancer, in general, is to overcome multidrug-resistance (MDR). Currently, many clinical anticancer drugs such as alkaloids (vincristine, cephalotaxine), anthracycline antibiotics (doxorubicin, daunorubicin), and lignans (etoposide, teniposide) may easily induce MDR. 5, 6 Lignoids are a family of natural products with a broad variety of biological and pharmacological activities, which have been found in a large number of species belonging to more than 60 families of vascular plants and isolated from different plant parts: roots and rhizomes, woody parts, stems, leaves, fruits and seeds, and in some cases from exudates and resins. [7] [8] [9] [10] [11] [12] [13] [14] These compounds are biosynthesized by the coupling of two phenylpropanoid units (C6-C3). They constitute a complex family of skeletons and characteristic functionalizations which can be subdivided into different groups, such as lignans, neolignans, alolignans and heterolignoids, among others. 15, 16 The biological activities reported for lignan compounds include important antineoplastic and antiviral properties, as reported for podophyllotoxin and two of its semisynthetic derivatives, etoposide and teniposide. The latter derivatives are included in a wide variety of cancer chemotherapy protocols. Due to these biological activities, lignans, and especially neolignans, have been the subject of numerous studies aimed at developing better and safer anticancer drugs. 17 In the development of new inhibitors, natural products such as neolignans from Licaria chrysophylla and Licaria aurea can be a valuable source of inhibitors and may also serve as a suitable lead for the production of semisynthetic active agents. One benzofuranoid-type lignan (1) and six neolignans (2-7) were isolated from Licaria chrysophylla [18] [19] [20] [21] while the tetrahydrofuran-type neolignan grandisin (8) was isolated from Licaria aurea (Figure 1) . 21 Grandisin was evaluated for larvicidal activity against the mosquito Aedes aegypti 22 and for insect control against Chrysomya megacephala.
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In the present study, seven natural (2-8) and five semisynthetic (1,9-12) lignoids were investigated for DNA topoisomerase II inhibitory activity. This is the first report on DNA topoisomerase II inhibitors from Licaria chrysophylla and Licaria aurea leading to the identification of lignans and neolignans as topoisomerase II inhibitors.
EXPERIMENTAL

Isolation of compounds and structural modifications
Seven of the compounds studied were natural products whose isolation has been reported elsewhere (2-7 from Licaria chrysophylla, 18 and 8 from Licaria aurea 21 ). The isolation of 1 and chemical transformation of the compounds (9-12) were done using previously described methods. 20, 21 For example, compound 1 was obtained from the extract of bark from Licaria chrysophylla completely acetylated. 20 Grandisin (8), the most abundant compound, was used as the starting material for the semisynthesis of a series of neolignans. 21 Thus, acid treatment of 8 (HClO 4 , HOAc, reflux for 7 min) gave 9. Oxidation of 8 (KMnO 4 , KOH, room temp for 30 min) gave 10. Reduction of 8 (Na, NH 3 ) gave 11. This was transformed by hydrogenolysis into compound 12. These substances were deposited in the Bank of Standards of Natural and Synthetic Products of the Laboratório de Tecnologia Farmacêutica of the Universidade Federal da Paraíba, and for use in this work, they were repurified by thin-layer chromatography using the same system as described in the original papers.
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Human DNA-Topoisomerase II-α inhibitory activity
The conversion of supercoiled pBR322 plasmid DNA to the relaxed form by the enzyme topoisomerase II-α (topo II-α) was examined in the presence of the compounds. 24 One unit of topo II-α (USB Corporation, Cleveland, OH, USA) was incubated with 0.152 μg pBR322 DNA (human recombinant from E. coli, Invitrogen) with 0 (control), 5, 50, 70 and 100 μM concentrations of test compounds 1-12, in 10 μL of a mixture containing 10 mM Tris, pH 7.9, 50 mM NaCl, 50 mM KCl, 5 mM MgCl 2 , 0.1 mM EDTA, 15 μg mM BSA and 1 mM ATP, 10 mM Na 2 HPO 4 and 0.2 mM DTT for 40 min at 37 °C. The reaction was terminated by the addition of 1 μL of a stop solution consisting of 50% glycerol, 10% sodium dodecyl sulfate (SDS) and 25% bromophenol blue. Electrophoresis was carried out in 1% agarose gel equilibrated with TAE buffer (4.84 g L -1 Tris base, pH 8.5, 1.14 g L -1 glacial acetic acid and 100 mL of 0.74 g L ) after electrophoresis for 30 min, washed with water and photographed under UV light with a digital camera. The samples were diluted in 1% DMSO (99.9% ACS reagent) which was used as a reaction control. 
RESULTS AND DISCUSSION
The conversion of supercoiled pBR322 plasmid DNA to relaxed DNA by topo II-α was examined in the presence of compounds 1-12.
As shown in Figure 2B , all compounds showed strong inhibition of supercoiled DNA relaxation induced by topo II-α at a concentration of 100 μM, whereas when these 12 compounds were assayed at a concentration of 70 μM (Figure 2A ) or lower (5-50 μM, data not shown), no inhibition was observed. These results indicate that no obvious correlation can be derived between the structure of these compounds and the inhibitory activity of DNA relaxation by DNA topoisomerase II. Compound 1 is a benzofuran-type lignin, and 2-7 are benzofuran-type neolignans. The inhibition of tubulin polymerization was the only previous report concerning potential antitumor activity of dihydrobenzofuran neolignans related to 3,4-di-O-methylcedrusin. 22 The lignoids isolated from Licaria chrysophylla and Licaria aurea may be important leads for the development of new therapeutic agents based on structural modifications of these compounds. 25 The exploration of the chemical diversity of the naturally occurring lignans and neolignans has resulted in the characterization of many interesting lead compounds in various therapeutic areas; it is thus reasonable to expect that many more leads have yet to be discovered and developed, mainly for antitumor drugs. 25 This is the first report on DNA-topoisomerase II-α inhibitors from Licaria chrysophylla and Licaria aurea leading to the identification of lignans and neolignans as novel topo II-α inhibitors.
